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In developing countries, rapid indust on wit e controls has ulted n heavy metal Contamination of communities. We h tt redential neighboroods located near ore industries in three nortern Mex ica ce o be h y poll witdi maidtiple cont nts (aec, and lead) and Xthtt uld be poit sourcs for the heavy metals. To evluate these hypotheses, we t l of ro sufa dust from residential neigborhood iin 2 m of metal s [Torre (n 19) ad Chihuhua (n -19)] ad a meta refine [Montere (n = 23)] mt c io in dust were mapped with respect to distance from the industrial sites. C t btween dust meta concentration and distance was estated with least-s e on using logdata.
Median dust arsenic, cadmium, and lead concentrations were 32, 10, and 277 pgg, respectively, in Ch-huahuzg 42 The growth of industry in northern Mexico has created the potential for environmental problems; unfortunately, attention to environmental controls has lagged behind the pace of industrialization (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Industrial sites such as ore smelters are often located in residential areas, where they possibly expose adults and children to heavy metals through inhalation and ingestion of contaminated soil and dust. Heavy metal contamination of dust is especially problematic for children who through hand-to-mouth activity may ingest as much as 90 mg of soil per day (13) (14) (15) . Previous studies of heavy metal exposure in Mexico focused primarily on lead in gasoline and household ceramics. Other environmental contaminants such as cadmium and arsenic have been largely ignored. Likewise, there is little investigation of industrial pollution from smelters and refineries (1, 2, 6, 8, 16) . In other countries, lead, arsenic, and cadmium have been established as health threats to people living in communities surrounding ore smelters and refineries (17) (18) (19) (20) .
With the knowledge that ore smelters and refineries are potential sources of environmental heavy metal contamination, we hypothesized that there would be arsenic, cadmium, and lead in residential areas surrounding three industrial sites in northern Mexico. To evaluate this hypothesis, we collected roadside dust samples and analyzed them for the three heavy metals.
Materials and Methods
Study areas. Roadside dust samples were collected in July 1995 from the cities of Torreon, Monterrey, and Chihuahua. The primary factors in forming the sampling plan were location within a residential neighborhood and within 2,500 m of the industrial site. These northern Mexican cities have dry and dusty arid to semiarid climates with annual rainfall of less than 10-20 inches (21, 22) . In all three cities, residential areas lack any substantial ground cover such as grass or bushes because of the arid climate. In Chihuahua and Torreon most of the roads in residential areas were unpaved. The industrial sites in all cities were similar in that residential neighborhoods were sited immediately adjacent to the boundaries of the complex.
Torreon is a manufacturing and mining center with a population of approximately 500,000 people (23) . The largest nonferrous metallurgical complex in Latin America (Industrias Pefioles S.A. de C.V.) and the fourth largest in the world is situated in Torre6n. This smelter site, built in the early part of this century, processes approximately one-third of the lead ore in Latin America (2) and in 1996 produced 166,000 metric tons of lead and 123,000 metric tons of zinc (24) . This industrial complex also contains a lead-silver foundry and a zinc plant. As shown in Figure 1 , the smelter complex is surrounded on three sides by residential neighborhoods, from which roadside dust samples were collected.
Chihuahua, Mexico (population 400,000), has historically been a prosperous mining center (25) . Chihuahua (13, 29, 30) . Superfuind soil arsenic cleanup goals are 5-65 pg/g (13) . Natural background levels of soil cadmium are 0.01-0.7 pg/g, and urban values range from <0.01 to 8.0 pg/g; Superfund deanup goals are 3-20 pg/g (13, 29) . Lead concentration of >250 pg/g in urban dust or soil has been defined as hazardous to humans (31 
Results
In all three cities heavy metal concentrations exceeded levels considered background and also exceeded maximum acceptable levels by the EPA for cleanup at Superfund sites under CERCLA (13) .
Arsenic. Figure 2 uses Figure 3 shows a map of dust arsenic concentration around the Torreon site. Cadmium. Figure 4 illustrates the distribution of residential roadside dust cadmium for the three sites. In Chihuahua the median dust cadmium concentration was Figure 5 shows a map of dust cadmium concentration around the Torreon site.
Lead. Figure 6 illustrates the distribution of residential roadside dust lead for the three sites. Torreon R2 = 0.4, p = 0.004). Figure 7 shows a map of dust lead concentration around the Torreon site (33) . Plots of the dust concentration of arsenic, cadmium, and lead versus distance from the emissions stack at the industrial site in Torreon are shown in Figure 8 , illustrating the exponential decline in concentration as distance from the site increases. To test whether heavy metal concentrations were significantly higher to the south and west of the site, a dummy variable (1 for dust samples taken from the east, 0 for all others) was included with controls for distance. In models for all three heavy metals, those samples taken from the eastern side contained significantly lower concentrations. This could reflect the effect of prevailing winds, which come out of the northeast (34), or other factors such as transportation, unloading, and distribution of ore within the complex.
Comparison by city. Using Monterrey as a reference, concentrations of all heavy metals were significantly higher in Torreon (Table 1) . Only cadmium concentrations were significantly higher in Chihuahua as compared to Monterrey.
Discussion
With the exception of cadmium in Monterrey, the level ofheavy metal pollution exceeds Superfund deanup goals in all three cities. In Chihuahua and Torreon level of contamination for all three metals is inversely related to distance from the industrial site, implicating the site as the source of the pollution. Moreover, contamination appears substantially and significantly higher for all metals around the active smelter as compared to the inactive smelter and metal refinery. Although we were not able to collect biological samples in this study, dust lead, arsenic, and cadmium have previously been correlated with blood and urine values in populations surrounding industrial sites; likewise, numerous studies have found an inverse relationship between blood and urine levels and distance of home or school environment from metal smelters (17) (18) (19) 35, 36) .
The extent of the arsenic contamination is comparable to that found elsewhere around similar industries (1, 29, (37) (38) (39) (40) (41) . In a review of the literature, the cadmium contamination around the active smelter in Torre6n exceeds any previously reported level of contamination (1, 29, 42, 43) ple of children aged 3-6 years. Industrial standard safety thresholds for adult workers in the cadmium industry are 5-10 pg/dl blood or 5-10 pg/g creatinine in urine, and cadmium workers have reported blood cadmium ranging from 0.6 to 164 pg/l (42, 44) . Based on this background and given the roadside dust levels in Torreon 497 /g), we expected body burdens in the residing population to be equivalent to that found in San Luis Potosi, and possibly much higher. A study of cadmium toxicity in Torreon smelter workers and residents surrounding the complex is urgently needed.
The dust lead levels are consistent with levels found in other studies of dusts and soils surrounding smelters; likewise, previous studies have shown inverse association with distance from the industrial source similar to the association in the present study (18, 36, 45) . Based on prior studies of biological correlation of dust and soil lead (18, 20) , we predict that children living within 1 m of the Torre6n complex will have average blood lead levels of .40 pg/dl. We predict blood lead levels of .20 pg/dl for children residing within 1 m of the complexes in Chihuahua and Monterrey (16, 17, 19, 20, 27, 45, 46) . Blood lead levels in children at all three sites are likely to be well above the 10 pg/dl threshold of concern for lead in children set by the Centers for Disease Control and Prevention (47). 
